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Titanium-Goiitaliiiiig Non-Ferrous Metal Alloys 

or3^ Stolberger Zink Aktiengbsell- faces. Alummium-contaimng alloys, because of 

Huttenbetrieb, of their tetfdmcy toward interciystalline corrosion, 

37 Theaterstrass^ Aachen, Germany, a body remain limited to those made from zinc pow- 

coiporate OT^sed under the Laws of der. In addition, dieir tecbnologicaUy desuable 

vjermanyi do hcrdjv declare the invpntinn. f^r rmnMfAe ^^^:a^^u\^ r-fl-r-lj 
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Germanyi do hcrdjy declare the invention, for 
which we pray that a patent may be granted 
to us, and the mediod by which it is to be 
performed, to be particularly desdribed in and 
by the foUowmg statement: 

This invention relates to alloys of non- 
ferrous metal s containing titanium. More speci- 
fically, die invention relates to alloys of 2inc^ 
mduding a minor amoxmt of titanium in 
whicA the alloy has been further mndified to 
improve tiie malleability and other physical 
properties of die alloy. 

One of the most important characteristics 
of a zinc alloy is its behaviour in the solid state 
at room temperature when subject to working 
such as bending, folding, ooxnptessing, and 
drawing. Hexagonal metals such s& zinc when 



properties ate considerably impaired on ex- 
posure to heat. 

Another approach has been discovered in 
the fi<dd of aluminium lesear^ where it has 
been found that the addition of minor amounts 
of titanium to aluminium produces a fine- 
grained crystal structure imd results in a 
suitable d^ree of malleability and ductility. 

It is believed that the initially precipitated 
aluminium-titanium crystals act as a nucleus 
dtiting crystalIisati(Hi. With zinc however, 
such effects are not obtainable to any suit- 
able extent. Alloys with a eutectic titanium 
content of about .2% to about .4% titanium 
are not suffid^tly fine-grained to result in a 
hi^ ductility in the fimi malleable product. 
Attonpts have also been made to dissolve 



— z — — — * M« wubu ALLcmuLs uavc aiso pccn maae to aissoive 
subj to die f OKgomg mampulations, show tiie high melting titanmm in zinc under 
^ ^gh degree of dependence on the direction vanmm nr tn^^r^ ooc u,^ i 
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a hi^ degree of dependence on the direction 
ctf deformation, and are particularly sensi- 
tive to stresses caused by rtiang ing tem- 
peratures during its use in manufacturing or 
machining, When these metals are worked 
and subjected to temperature changes,, re- 
crystallisation appears in the metal and there 
is a consequent reduction in ductility of the 
metal. 

There have been numerous attempts to 
* change die behaviour of the metals by the 
addition of alloying elements. It has been 
found that small amounts of solid solution 
fomiing agents such as minor amounts of 
magnesium are effective in accomplishing 
this purpose. While the end product so pre- 
pared is fine-grained, it is at the same time 
tempered so that the plasticity of the alloy is 
reduced.^ Primary crystallizing admixtures 
such as iron (as tempted crystals with zinc) 
or manganese, have a fine-crystal effect, but the 
ductility of the alloy is reduced through the 
formation of large crystallites at die inter- 



vacuum or inert gas but diese attempts have 
also presented numerous difficulties. Similar 
problems such as lack of sufficiently high 
ductility are present when alloys of non- 
ferrous metals other than zinc are prepared 
by conventional methods. 

Other studies on copper-titaniiun or man- 
ganese^titanium in the form of low melting 
pre- alloys have been made where they were 
dissolved in zinc. In die study of the influence 
of copper-titanium, mang anese-ri tamimij or 
ternary copper-manganese-titanium pre-alloys 
on the properties of moulded or kneaded 
zinc bodies, helpful information has been 
obtained.. Thus, if pure metallic titanium 
with a degree of piuity corresponding to a 
BrineU hardness of 60 — 80 kg/mm* is melted 
under vacuum to form a copper-titanitun pre- 
alloy, and if zinc is added to this, an alloy 
having a relatively finely divided dispersion 
of titanides is obtained, the alloy having a 
copper content of 0,5% to 1% and a titanium 
content of 0.1% to 0.4%. It has betti found 
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that the creep resistance of sudi alloys is in- 
creased, especially they have been heated 
to 15O--200^Cl Unfortunately, \nth increas- 
ing titanium content^ the madiining proper- 
ties became worse. See U.S. Patent No. 
2,472>402. While the tendency to rccrystal- 
lise is raised to temperatures higher than 
normally characteristic of zinc^ die plasticity 
of alloys of diis type still does not reach an 
acceptable value to make it a commercially 
workable composition. 

It is an object of the present invention to 
provide zinc alloys containing titanium which 
have improved malleability and other im- 
proved physical properties. 

According to the present invention, there 
is provided a titanium zinc alloy ^ich con- 
tains more than 50%by weight of zinc^ the 
balance apart from tmavoidable impurities 
being titanium and from 1 to 67 atomic per 
cent of hydrogen or nitrogen or oxygen or 
a mixture of two or more of these elements, 
based on the quantity of titanium, whidi hy- 
drogen, nitrogen or oxygen is combined with 
the titanium, is dissolved in the solid solution 
or is in part combined and in part dissolved. 

The outstanding improved properties of the 
alloys of the invention appear to result &om 
the fact that the alloy contains from 1 to 67% 
atomic per cent of hydrogen, nitrogen and 
oxygen, either singly or in admixture based on 
the titanium content. 

Althou^ the invention is not to be con- 
sidered as limited by any theoretical explana- 
tion thereof, it is believed that the improved 
properties of tiie alloys may be explained as 
follows: The titanimn when added in pore 
metaHic form forms compounds with the 
mafor constiments of the aUoy ^duch, depen- 
Hfng on the rate of cooling when it is taken 
out of the mould, exhibits a more or less 
distinct acicular structure. In the solid state 
these intsrmetallic phases possess a definite 
solvent power for these major a«i5dtuent(s). 
During solidification in the mould or during 
heat u e aim e nt in the soHd state (for example 
annealing, hot f ormii^ difiusion reactions 
occur, v^ch have an important effect on the 
crystal fbrmaticHi. 

It is believed that with increasing satura- 
tion of the titaiuum with hydrogen, nitrogen, 
or oxygen, singly or in combmation, the 
affinity of the intermetallic phases for the 
major constituents, and for the various con- 
taminants is decreased. However, vvhiLc the 
solubili^ of the titanium in the alloy decreases 
the amotmts diat do go into solution are pre- 
cipitated in an extremely fine-grained form. 
These amounts are found not only deposited 
as part of eutectic mixtures at the interfaces, 
but also within the crystallites diemselves 
where they act as primary seed crystals. 

The affinity of the minor amounts of titan- 
ium crystals in the alloy which are bound 
or in sohiticHi with hydrogen, nitrogen or 



oxygen is practicaUy zero for the major con- 
stituents. The temj)erature at which they 
collectively will crystallize lies well above the 
melting point of the major constiments of the 
alloy so that neither in gradual cooling outside 
the moulds nor in any sort of heat treating 
in the solid state is any diange in die fine dis- 
persion produced. 

The dtaniferous alloys of non-ferrous metals 
of the present invention differ from the prior 
art by the presence of the hydrogen, nitro- 
gen, or oxygen, singly or in combination, in 
tibe alloy. The structure of the alloy is not 
restricted to any particular arrangement. Thus, 
the titanium in the alloy may be wholly or 
partly bound to the hydrogen, introgen, or 
oxygen or mixtures thereof. Eqimlly well tiiese 
latter tince elements may be present in the 
form of - solid solutions with the titanium or 
as a saturated hydride, nitride, or oxide. 

The alloys according to the present in- 
vention may advantageously contain, besides 
tiie titanium, the zinc and the hydrogen, nitro- 
gen, or oxygen, 0.1% to 10% copper as well 
as 0.1% to less than 50% aluminium, 
Advantageotisly 0.05%manganese may also be 
present. Also, up to 50% of the copper when 
present may be r^laced by manganese. It 
has also been found that no more than 50% 
of the titanium, which is preferably present 
in an amount of 0.01% to 1% by weight of 
tiie alloy, may be replaced by zirconium and/ 
or hafntnm. 

Some the more outstanding advantages 
of the aUoys of the present invention my be 
sununarized as follows; The fine-grain charac- 
teristics are relatively permenent through- 
out hot processing and heat treating of every 
type of alloy primarily due to the heightened 
temperature of recrystallization which is raised 
beyond the mehing point. The alloys are of 
higji quality for hot- and cold-woridng pro- 
cesses, without reference to the critical degree 
of deformation, since no critical temperature 
is present in the soft annealing process. The 
alloys have high creep resistance, especially 
zinc base alloys containing copper and/or 
aitmunium besides the titanium. The alloys 
have excellent bearing characteristics be- 
cause of the finely divided crystals of the 
titanium-nitrogea, the titanium-hydrogen or 
the titanium-oxygen combination. They have 
excellent working;, bending and deep drawing 
properties, and are resistant to inter-crystal- 
line corrosion because the interfaces are 
blocked by resistant titanium phases. 

The alloys of the present invention are 
made by techniques well known in the art for 
the manufacture of alloys with the additional 
step of introducing nitrogen, hydrogen, or 
oxygen, singly or in combination into the alloy 
product. The manufacture of the alloys may 
take place directly from the component ele- 
ments or by way of pre-alloys. Ilius, in the 
preparation directly from the component ele- 
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men^ die melting process ooay be carried 
out in the presence of a suitable gas con- 
taining the element desired to be introduced 
into the alloy. Thus nitrogen may be intro- 
5 duoed direcdy, and when hydrogen is to 
be introduced, hydrogen gas and/or ammonia 
may be employed l^iixnires of appn^tiate 
gases are used when mixtures of the elements 
are to be introduced. 

10 When pie-alloy tedmiques are to be used, 
the titanium may be sqiarately combined 
widi nitroges, hydrogen, or oxygen and then 
combined with the melt, or bodi die titanium 
and the melt individually may be treated with 

15 the appropriate gas and then combined. 

Zinc alloys based on hi^ purity zinc and 
zinc spelter have been studied in connection 
with the present invention, and it has been 
iound that high purity zinc or zinc spelter or 

20 mixtures thereof are suitable for purpose of 
the present invention. In this respect the use 
of grades of zinc (spelter) ^ch have a lead 
opntent of oyer 0.1% has hitherto been con- 
sidered unsuitable for such aUoys since inter- 

25 ctystallxne , corrosion has appeared. However, 
according to the present invention spelters 
containing up to 1.5% lead may be employed. 

In addition, alloys have been investigated 
which contain from 0.1% iq> to 10%, pre- 

30 ferably iip to 2% copper and from 0.01% 
up to 1% titanium as wdl as quaternary 
alloys with an admixture of from 0.05% up to 
1*5% mang a nese , Li all cases^ die alloys were' 



cast in ingots which were rough treated hot 
at 250°C. and were worked into sheet metal 35 
0.6 mm. thick at about 20— 100«»C prefer- 
ably between 50 and 80^C 

The alloys were tested by studying their 
balding behaviour as compared widi the mat- 
erials indicated which are normally obtainable 40 
commercially. Comparisons were made by 
reference to a boid-test number. This refers 
to the number of bendings to and fn> that 
occur before fracture of the material sets in. 
In the Examples 1 to 3 given below, which ate 45 
by way of illustration only all results refer to 
an alloy having about 0.6% copper and from 
0.05 to 1% titanium, in addition to zinc as 
the major constituent. In Example 4 which 
is also by way of ilhistration only, the creep 50. 
resistance of certain hig^ purity zinc alloys is 
investigated. 

Example 1 
The alloy for the following test is prepared 
as foUovTs: Coppn^ and titanium are melted 55 
under vacuum (this may also be done in pure 
argon). Titanium content is selected in the 
neighbourhood of the cutectic, that is, 20% 
to 30% titanium. The melting point of the 
pre-alloy thus formed may be lowered by the 60 
addition trf zinc. The solidified pre-alloy is 
disolved in molten zinc A quantity of the pre- 
alloy is used so that the concentration of titan- 
ium in the final alloy is between about 0.05% 
«o 1%- 65 



Bend Test with 



Material Without 
Furtiier Treatment 



After Ajnnealing 
2 hours at 200** C 



High purity zmc 
Alloy 



12—14 
3—5 



1—2 
5—8 
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The numbers give die numbers of bends 
tmtil breaking. The titaniferous crystal is 
medium fine in texture and is often acicular. 
In the annealed material, many recrystallized 
zinc crystals may be seen. 

Example 2 

An alloy is prepared as in Example 1 ex- 
cept that the copper that is fused with titan- 
iimi into the pre-alloy is contacted with hy- 



drogen gas and/or ammonia gas. 

It should be noted that it is immaterial 
whether die copper melt is treated witfi hy- 
drogen gas or gaseous ammonia and the 
titanium then introduced into the samrated 
melt, or whether the melt and/or the titanium 
are gas treated separately. In either case the 
hydrogen is bound chemically to the titanium. 



Bend Test with 



Aiaterial Without 
Further Treatment 



After Annealing 
2 hours at 200* C. 



Alloys (numbers of 
bends until breaking) 



15—20 



25—30 



The titaniferous crystals appear spherical in 
form and are extremely findy divided. They 
do not change tiidr outer appearance during 
a n nealing. No recrystallization appears and 
during armealing the plasticity of the alloy 
increases greatly. 



Comparison of Examples 1 and 2 shows 
that the pure titanium additives are relatively 
meffective but when combined widi hydrogen 
and nitrogen in accordance witii the present 
mvention, marked improvement is obtained. 
This result was achieved in sjste of the power- 
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fill annealing treatment of the zinc alloys 
which range from 100*>G to as high 300 — 
350'>a 

As previously noted^ in plumbiferous zinc 
alloys such as those obtained from a zinc 
spelter bas^ the separation of lead in small 
droplets upon soHd&cation causes an irregu- 
lar dispersion of lead in the alloy and ex- 
plains why malleable m^t^^'*^^ with a spelter 
base always have poorer ducdli^ tiian those 

Ataterial 

Bend Test No. Further 



widi a zinc powder base Even when using 
zinc spelter, die present alloys offer a much 
better plasticity than could previously be ob- 
tained: 

EXAMPJLB 3 

Alloys were prepared as in Example 2 and 
formed in a 0.5 rnm ^eet after annealing at 
500°C for two hours. The following bend 
test results were obtained: 



Without 
Treatment 



After Annealing 
2 hours at 300'' G. 



Alloy from spelter 
Zmc Spelter 



5—6 
2—3 



12—15 
0—1 



After steam treating for ten days the alloy 
showed no intercrystalline corrosion and no 
hxq^iaitment of its properties in general. 

E&AMPIM 4 

The foUowing example illustrates In tabular 
form the comparative values of the creep re- 
sistance of various higji purity zinc alloys. 

Lengthy creej> testing was conducted on 
0.6 mm xibbon sftzips psuallel to the direction 

tdling wxdi a total stdp length of 600 mm. 



The strips were stretched under tension by 
a lever arm with a rado of 1: 10. The read- 
ing of the amount of stretdi can be taken 
from the long lever arm up to 200 mm, Le. 
up to 3.3% 

Comparative studies were made on: high 
purity zinc, hi^ purity zinc with 1% copper 
(ZnCu 1), high purity zinc with 0.15=%: titan- 
ium ^2nTii5) and a complex: zinc-coi^>er- 
titanium alloy (STZ), as follows : 



15 



35 



40 
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Jij^ purity zinc 


ZnCu 1 


ZnTi 15 


ZnCuTIMn (STZ) 


Zn% 


99.99 


99 


99.85 


lETtgh purity zinc 


Ca% 




1 




0.4 — 0.8 


Ti% 






0.15 


0.1 — 0.2 preferably 
0.15% 










0.1 — 0.2 



and the same alloy in the anncaW state (STZ annealed). 

The creep resistance of strips of high puri^ 
zinc and various alloys, stretefaed parallel to 
the direction of rolling, in days 1% elonga- 
tion are shown in the following tab^ in which 
the figures given in brackets are obtained by 
interpolation: 



Here the titanium present^ in accordance 
witii the invention, in the alloy d e si g na te d as 
STZ, contains about 5 atomic percent hydro- 
gen or about 20 atomic percent nitrogen or an 
equivalent amount of oxygen dissolved in the 
s^d soludon-or bound with the titanium. 
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Load Kg/mm* 








Material 


2 


4 


6 


8 


10 


12 


14 


Zinc Powder 


40 


0.63 


0.01 










ZnCu 1 


(1600) 


32.00 


1.0 


0.02 








Zn widi 0.15% Ti 




(3200) 


126.00 


3.20 


0.04 






ZnTi widi Cu, Mn 
(STZ) 








350.00 


10.00 


0.2 




ZnTi with Cu, Mn 
annealed and re- 
roUed (STZ) 










(1000) 


20.00 


0.63 



In particular, the table shows that in the improved quality are not yet utilized. To 6b- 

alloy STZ according to Ae invention, ZnTi tain a creep resistance corresponding to a 

wiA Co, Mn, a load of 8 kg/mm^ is possible tension of 1% a year, therefoxe, the lixmt <rf 

5 widi a creep rate of 1% a year (350 days), load is shown in VR/mm\ 10 
Here, however, the imxfTnal possibilities for 



Higi pittity ZnTiCuMn 
Zinc ZnCu 1 :&iTi 15 (ST^ 



Annealed and reroUed: 
ZnTiOiMn (STZ) 



1.2 



2.8 



5.30 



8.0 



10.5 . . JEg/mm> 



The load capacity of the STZ alloy corres- 
ponds to 60% of the proportional limit, while 
alloys die ZnCa 1 type vnth equal prcfpot" 
15 donal limit and hardness can bear only loads 
of 20% of the vahie noted. 

It has been found in long term pracdcal 
studies that the titaniferous STZ-zinc alloys 
in rolled sheet form behaved even more favour- 
20 ably while the titanium fzee alloys behaved 
even more tmfavDurably than was previously 
estimated. 

It is also interesting to note that the strain 
ratio in a zinc alloy in accordance with the 

25 present invention such as tiie alloy designated 
above as STZ, a stress of 120% is reached 
before fracture, while the stress in the area 
adjacent to the rupture rises to 200%. 
WHAT WE CLAIM IS: — 

30 1. A titanium zinc alloy which contains 
more than 50% by weight of zinc, the balance 
apart from, onavoidable impurides being 
titanhim and from 1 to 67 atomic per cent 
of hydrogen or nitrogen or oxygen or a mix- 

35 ture of two ot more of these dements, based 
on the quanti^ of titanium, which hydrogen, 
nitrogen or oscygen is combined with the dtan- 
ium, is dissolved in the solid sohidon or is in 
part combined and in part dissolved. 

40 2. An alloy as daimai in claim 1 containing 
from 0.01 to 1% by weight of dtanium based 
on the we^t of tibe alloy. 



3. An alloy as claimed in daim 1 or riam 
2, in which up to 50% of the titanium is re- 
placed by zirconium or tiafoTiww or a miztore 45 
thereof. 

4. An alloy as claimed in any one of the 
preceding dalms in wMdi the zinc is present 
as refined zinc, spelter or a mixture theieoL 

5. An alloy as rialin^ g^iy one of the 50 
preceding claims also containing from 0.1 to 
10% by wei^t of copper. 

6. An alloy as daiiried in daim 5 in wfaidi 
up to 50% of the copper is replaced by man- 
ganese. 53 

7. An alloy as claimed in daim 6 oont&in* 
ing from 0.1 to 0.2% by weight of man- 
ganese. 

8. An alloy as Hainwi in any one of the 
preceding claims also containing from 0.1 to 60 
less than 50% by weight of aluminium. 

9. Alloys as claimed in any of the preceding 
claims which have been subjected to a cold de- 
formation at between 20 to lOO^C. and an 
annealing treatment at between lOO^Q and 65 
350OG 

10. Titanium zinc alloys as claimed in any 
of the preceding claims substantially as herein 
described. 

11. Titanium zinc alloys as claimed in any 70 
of die preceding claims substantially as herein 
described with reference to any one of tiie 
Examples. 



BEST AVAILABLE COPY 

109^5-2003' 



943,143 



12. A process for the production of alloys 
as claimed in any of the preceding claims in 
which a pze-^oy prepared by melting solid 
titanium into liquid copper is treated with a 

5 gas as specified in daim 1 or a gas yielding 
hydrogen under the treatment conditions, and 
the pre-alloy is then added to the zinc melt. 

13. A process as daimed in daim 12 in 
whidi the pre-alloy is treated with hydrogen 

10 or gaseous anmumia. 

14. A process for the producticm of an alloy 
as rlfl'"^ in any of damis 1 to 11 in which 
liquid copper is treated with a gas as specified 
ia daim 1 or a gas yielding hydrogen under 

15 the treatment oonditiofis, titanium is added 
to the copper mdt and the pre-alloy so 
f onned added, to the zinc mdt. 

15. A process as claimed in daim 14 in 
which the copper mek is treated widi hydro- 

20 gen or ammonia. 



16. A process as claimed in claim 14 or 
daim 15 in which die titanium is treated with 
the gas before being added to the copper mdt. 

17. A process as daimed in any of daims 

12 to 16 in which the mdting point of the pre- 25 
alloy is lowered by the addition of 2dnc. 

18. A process as daimed in daim 17 in 
whidi die zinc is added after the copper- 
titanium mdt has been treated with the gas. 

19. A process for the production of alloys 30 
as daimed in daim 1 substantially as herein 
described with reference to any one of the 
Examples. 

20. Alloys when made by a process as 
claimed in any of daims 12 to 19. 35 

ELKINGTON & FIFE, 
Chartered Patent Agents. 
Bank Chambers, 329 High Holbom, W.Cl. 
Agents for the AppKcants. 
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